Objective: To describe geographic variation in Veterans' prevalence of obesity, participation in Veterans Administration's (VA) behavioral weight management program (MOVE!), and receipt of bariatric surgery in fiscal year (FY) 2016.
Introduction
The Veterans Health Administration (VA) has strong incentives to offer weight management services to all eligible and interested Veterans because enrolled Veterans rely on VA care for many years 1 and their prevalence of overweight and obesity is higher than in the general population. In 2014, 37% of Veterans obtaining VA primary care were overweight (body mass index [BMI] 25.0-29.9 kg/m 2 ) and 41% were obese (BMI≥30). 2 Unlike any other health care system in the United States, VA offers a population-based behavioral weight management program, called MOVE!, via group visits or individual counseling sessions to Veterans who are overweight and have associated comorbidities (e.g. hypertension, diabetes, gastroesophageal reflux disease) or are obese. 3 MOVE! is offered in every VA medical center (VAMC) and Veterans are exempt from copayments for MOVE! visits. 4 According to the 2014 VA-Department of Defense clinical practice guidelines, 5 Veterans should participate in MOVE!, and pharmacologic or surgical intervention for weight loss are adjuncts to MOVE! participation. Prior work indicated that only 2-12% of eligible Veterans participate in MOVE!, and weight change associated with MOVE! is modest (mean of 0.13-3.3 kg loss). [6] [7] [8] Despite evidence of significant weight loss and survival benefits, 9,10 bariatric surgery is only available in a subset of VAMCs, and only 400-500 Veterans receive bariatric surgery annually nationwide. 11 To be eligible to receive bariatric surgery at one of the 22 VA medical centers that currently offers it, Veterans must have a BMI ≥ 40 or BMI ≥ 35 with an obesity related comorbidity (e.g., diabetes, hyperlipidemia) and have attempted behavioral or pharmacologic weight loss.
Prior VA research found that the prevalence of obesity varied across VAMCs from a low of 28% to a high of 49%, 2 but no studies have examined geographic variation in receipt of behavioral and surgical weight loss interventions among Veterans eligible for these programs. The Dartmouth Atlas has reported that rates of bariatric surgery among Medicare enrollees between 2007 and 2011 varied more than 12-fold between the lowest and highest utilizing hospital referral regions in the United States. 12 The purpose of this report is to describe geographic variation in Veterans' prevalence of obesity, participation in MOVE!, and receipt of bariatric surgery in FY2016. Given findings of geographic variation in prior VA studies of obesity prevalence 2 and all-cause hospitalization rates, 13, 14 we expect to observe significant variation in the prevalence of obesity and receipt of behavioral and surgical weight management interventions. Given that VA is the largest health care system in the United States, this descriptive analysis may identify opportunities to increase Veterans' access to existing weight management interventions, which could serve as a model for implementation of population-based weight management interventions in other integrated health care systems.
Methods

Data and Cohorts
Veterans with obesity were initially identified from the population of all Veterans who received VA care in fiscal year (FY) 2016 (10/1/2015-9/30/2016) and had a recorded height and weight indicating obesity [body mass index (BMI) (weight in kg / (height in meters) 2 Figure S1 ). Since weight measurements for a given person can be highly variable within a year and include clinically implausible values due to data entry or other errors, a multi-step outlier-detection algorithm was applied. This algorithm identifies multiple weight measures on the same day and weights that deviated from clinically plausible trends over time by comparing standard deviations of consecutively measured weights (see appendix of prior weight change paper 10 for details).
Veterans with obesity were assigned to the VA medical centers (VAMCs) and their corresponding Veteran Integrated Service Networks (VISNs) where they had the most outpatient visits in FY2016. VISNs are administrative units and regional systems of care used by VA to allocate resources nationwide. To calculate obesity rates by VISN, we constructed the denominator for each VISN as the number of Veterans obtaining primary care in VA in FY2016 from the VA CDW. The denominator of primary care users was chosen because primary care visits are the main source of outpatient weight in VA, primary care users represent the largest group of Veterans routinely obtaining medical care in VA, and the standard of care in primary care is to refer Veterans with weight problems to MOVE! program.
Participation in VA's behavioral weight management program, MOVE!, for each Veteran with obesity was identified from VA outpatient visit data. MOVE! participation was indicated for Veterans with obesity who had one or more outpatient visits to the MOVE! program in FY2016 via clinic stop codes 372 and 373. Stop codes are administrative codes for identifying outpatient clinics providing different types of outpatient care (e.g., primary care, endocrinology, MOVE!).
From the cohort of Veterans with obesity (Supporting Information Figure S1 ), the subset with one or more BMI measures in FY 2016 indicating class II (BMI=35-39.9) or class III obesity (BMI≥40) were identified to construct a cohort of Veterans eligible for bariatric surgery. From this cohort of Veterans with class II or class III obesity, we identified Veterans who received bariatric surgery in FY2016 either in VAMCs or in the community but financed by VA based on ICD-10 procedure codes and CPT codes (Supporting Information  Table S1 ).
Analyses
To understand geographic variation in obesity (BMI≥30) among Veterans using VA primary care in FY2016, we determined the prevalence of obesity in each VISN. In the cohort of Veterans with obesity, we calculated MOVE! participation rates from each VISN among Veterans with obesity, stratified by class I obesity (BMI≥30-34.9) and class II or III obesity (BMI≥35).
To examine geographic variation in receipt of bariatric surgery in FY2016, we examined the proportion of Veterans with class II or III obesity and the proportion of MOVE! participants with class II or III obesity who received bariatric surgery in each VISN. Participation in MOVE! is a pre-surgical requirement for Veterans in most VISNs, so MOVE! is the most common referral pathway to bariatric surgery in VA. All analyses are presented graphically and all VISNs are anonymized for confidentiality. This study was approved by the Institutional Review Boards of the Durham and Madison VAMCs Duke University and the Kaiser Permanente Washington Health Research Institute.
Results
Regional Variation in Obesity, MOVE! Participation, and Bariatric Surgery
The prevalence of obesity in FY2016 ranged from 30.5% in VISN A to 40.5% in VISN S (Figure 1) . MOVE! participation rates among Veterans with class I obesity (BMI≥30-34.9) were low in all VISNs (Figure 2 ) withrates ranging from 2.8% in VISN R to 6.9% in VISN Q. Veterans with class II and III obesity (BMI≥35) had higher MOVE! participation rates in FY2016 than Veterans with class I obesity, ranging from 4.3% in VISN R to 10.8% in VISN L (Figure 3 ; see Supporting Information Figure S2 for patient volume).
Among all Veterans with class II or III obesity in FY2016, there was 20-fold variation in receipt of bariatric surgery. These rates ranged from a low of 0.01% in VISNs B and I to a high of 0.2% in VISN D (Figure 4) . Restricting the denominator to Veterans with class II or III obesity who participated in MOVE!, bariatric surgery rates were higher in all VISNs but there was 46-fold variation across VISNs, ranging from 0.07% in VISN I to 3.27% in VISN D ( Figure 5 ).
Discussion
This is the first study to examine geographic variation in the prevalence of obesity, MOVE! participation, and receipt of bariatric surgery among Veterans. To provide context to regional variation in the provision of bariatric surgery, we described participation in VA's system-wide behavioral weight loss intervention (MOVE!) because participation in this program is required in many VISNs prior to consideration for bariatric surgery. Results were stratified by Veterans with class I obesity who are ineligible for bariatric surgery and Veterans with class II and III obesity who meet BMI eligibility criteria for both behavioral treatment and bariatric surgery. To provide context to the regional variation in MOVE! participation, we presented geographic variation in obesity prevalence. We found that VISN-level prevalence of obesity in FY2016 ranged from 30.5%-40.5%, which is consistent with recent work showing that the prevalence of obesity in 2015 varied across VAMCs from 28% to 49%. 2 The VISN-level estimates aggregated obesity prevalence from multiple VAMCs, which likely explains why the upper bound of obesity prevalence at the VISN level is lower than that from the prior VAMC-level analysis.
Consistent with a recent systematic review, 6 we found that MOVE! participation in FY2016 ranged from 2.8-6.9% across all VISNs for Veterans with class I obesity, but was a bit higher (4.3-10.8%) in Veterans with class II and III obesity. The latter is encouraging because mortality risk 15 and health expenditures 16 increase with more severe obesity. The low rates of MOVE! participation in all VISNs and the 2-fold difference in participation across VISNs may be driven by patient preferences, local constraints in the availability of MOVE! staff to lead group and individual sessions, limited availability of classrooms to provide sessions, or other factors (e.g., in-person sessions held during business hours). [17] [18] [19] To increase MOVE! participation rates, VA may need to provide more resources to support more MOVE! sessions in each VA medical center, including outside of regular business hours. VA has introduced a home telehealth version of MOVE! and a MOVE! Coach mobile application to expand the reach of MOVE! by making it available in more convenient modes. 20 Data on Veterans' utilization of these modalities is not yet available and so was not included in our results. The content and structure of the MOVE! program was also refined to incorporate aspects of the well-regarded Diabetes Prevention Program following a recent VA demonstration. 21 Finally, receipt of bariatric surgery was extremely low in VA in FY2016, given that 0.07% to 3.27% of Veterans with class II or III obesity who participated in MOVE! received bariatric surgery in FY2016. When not restricting to MOVE! participants, bariatric surgery rates were even lower (0.01-0.2%) with 20-fold variation. These rates of provision of bariatric surgery among MOVE! participants are comparable to rates reported in Canada in 2015-2016 that do not condition on prior behavioral weight loss. 22 In the United States, it is estimated that 196,000 patients underwent a bariatric procedure in 2015, 23 which represents roughly 0.6% of the more than 36 million US adults with class II and III obesity. 24 The variability in bariatric surgery rates across VISNs is likely due to several patient and health care system factors. 25, 26 Patient factors that may contribute to regional variation include patient preferences for surgical intervention or cultural differences in acceptability of obesity by VISN. Health care system factors relate to physician and medical center constraints because a bariatric surgery center does not exist in every VISN. Among VISNs with a bariatric surgery center, it is possible that there is variability in MOVE! or primary care staff willingness to discuss the option of bariatric surgery or in the number of full-time equivalent surgeons available to perform on interested and eligible patients. Further, primary care physicians and MOVE! coordinators may vary in their willingness to refer Veterans with obesity for bariatric surgery due to risk misperceptions or not knowing to whom to refer Veterans deemed to be good surgical candidates. 26 Given that the estimated prevalence of obesity is 41% in Veterans and 38% in adults in the United States, 27 there is a critical need for health care systems to develop scalable and affordable population-based weight management strategies. The VA is an ideal health care system in which to develop such a strategy because it is the largest health care system in the United States and the prevalence of obesity is unabated. 28 Further, effective populationbased strategies have the promise to be high value to Veterans and the VA health care system itself because Veterans rely on VA care for many years. 1 Social policy changes, such as changes to the built environment and healthy eating initiatives, may also be necessary to limit further increases in obesity prevalence because obesity is a complex and prevalent condition in all health care systems in the United States. Collective action with social policy spanning public and private payers may be needed to complement health care interventions that multiple health care systems are attempting simultaneously.
This analysis suggests that Veterans with obesity in some regions currently are likely to be underserved by behavioral and surgical weight management interventions. It is unclear from this descriptive analysis the extent to which patient, provider or health care system factors contribute to this finding or the extent to which the major factors are modifiable. Future research integrating patient, provider, and health care system data is needed to identify the relative contributions of these different factors. For example, Veterans' MOVE! participation and weight change could be examined by linking patient-level data to medical center-level data from a national survey of VA medical centers fielded in 2017 to understand their staffing, referral and care processes. Such an analysis would complement a prior non-VA study that examined contributors to geographic variation in bariatric surgery in Medicare, which found no association between undergoing bariatric surgery and system-level factors, such as the number of bariatric surgeons, number of surgical centers, or percentage of patients with recent primary care utilization. 29 Only through such investigation can modifiable factors at each level be clearly identified and then modified using evidence-based change strategies.
The 46-fold variability in the rate of uptake of bariatric surgery across VISNs is unlikely to reflect variability in informed patient preferences. 30 These unwarranted variations likely require systems level changes (e.g., policies that provide access to bariatric surgical care) and structural supports (i.e., patient decision aids and provider training in shared decision making) that help to ensure informed patient choice. The decision to undergo bariatric surgery should be based on a high-quality shared decision making process. 31 The essential components of this process are clear communication of the clinician's expert judgment, elicitation of the patient's own values and preferences, and use of a patient decision aid that provides objective information about all clinically appropriate treatment options and encourages the patient to be meaningfully involved in decision making. 32 It is important to note that there would be less relative variation if the levels of MOVE! participation and bariatric surgery were higher, because relative variation is a function of the levels.
This descriptive analysis includes limitations that should be acknowledged. First, these results may not generalize to non-Veterans receiving primary care in non-VA health care systems or to Veterans since FY16. Second, we describe MOVE! participation in 2016 that is lower than cumulative participation since MOVE! started in 2006 and define participation as one or more visits, which represents a snapshot of current variation in its most inclusive form. Third, eligibility for bariatric surgery was limited to a BMI criterion, which modestly overstates eligibility and modestly understates uptake. Fourth, this study cannot disentangle the reasons for variation in uptake of MOVE! and bariatric surgery because data for mechanisms, such as provider attitudes or local policies were not available. These areas deserve future research.
In conclusion, obesity is very common among Veterans and participation rates in MOVE! and bariatric surgery were low and highly variable across regions. These results suggest that access to these interventions and shared decision making conversations regarding the efficacy and safety of these interventions could be improved throughout VA. Given the prevalence of overweight and obesity and Veterans' long-time reliance on VA for care, an effective population-based strategy to address this epidemic could reduce geographic variation by increasing treatment rates and improve the quality of care for Veterans with obesity, patient satisfaction with care, and long-term health outcomes.
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What is already known about this subject?
•
In 2014, 37% of Veterans were overweight and 41% were obese
• Population-based behavioral weight management was implemented in VA beginning in 2006
What does this study add?
• Demonstrates significant geographic variation in the prevalence of obesity, participation in behavioral weight management and receipt of bariatric surgery
• Access to population-based approaches to weight loss vary, especially access to bariatric surgery
